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Formula Cu CAS 7440-50-8 He formation at 298.15K | 0.000 k3/mol
Cu (l) Structural Formula Molecular Weight  63.546 a/mol S°at 298.15K |33.149 3/(mol*K)
Cu
c (g‘zzc Chemical Name Copper Melting Point  1357.770 K Cpat298.15K |24.438 1/mol )
u(FCC) Common Name Boiling Point | 2835.000 K
Cu2(qg)
Cu(-g) TemperatureRanges  C,(T) = A+ BT « 1073 + CT~2+ 105+ DT? « 107¢
Cu(+g) B10 v -14.4367923736572
Cu(+a)
Cu(+2q) Range 1 2 B 4 = 6 7 8 c
Cu(+2a) Tmin (K) 100.00 400.00 800.00 1357.77
CuAl2CI8(g) Tmax (K) 400.00 800.00 1357.77 6000.00
Cu3As Phase S S s |
Cu(As02)2 HkJ/ mol 0.000 0.000 0.000 13.263 L
Cu3As04 -|S4/(mol *K) 33.150 0.000 0.000 9.768 B
CU3(ASO4)2 i Cp coefficient A J/{mol*K) 21.988 26.013 44.406 31.400
Cu3(As04)2(ia) Cp coefficient B 15.303 -0.110 -29.417 0.000
CuAsO4(-a) Cp coefficient C -0.736 -1.725 -23.841 0.000
CuAsS Cp coefficient D -14.437' 2.800 16.090 0.000
Cu3AsS3 Density kg/I 8.960 0.000 0.000 0.000
Cu3AsS4 Color 4 0 0 0
Cu4As2S5 lubility in H20 g/I 0.000 0.000 0.000 0.000
Cub6As4S9 Reference Landolt 99, K Nasa 93 Nasa 93 Landolt 99, Knacke 91, Nasa 93
Cu(Bi02)2 Reliability Class 1 1 1 1 -
CuBr ™| 0
Cu Br(g) Selected Species - 3
Cuo) 3
o B'Z cus
cuBr(9) - cuzs
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SUMMARY

HSC Chemistry can handle two active databases simultaneously, denoted as the Own and
the Main database. The current version of the Main database contains thermochemical
data of more than 28000 species, including pure substances and aqueous species. The
Own database is reserved for the data specified by the user. It is empty when the user
receives the software, but up to 60000 species can be saved in one ‘Own’ database.

All the calculation options of HSC Chemistry utilize the same databases, and therefore they
are an essential part of the program. The enthalpy (H), entropy (S) and heat capacity (C,)
values of the elements and compounds are saved in the database, together with a variety
of additional information.

Note that HSC Chemistry primarily uses the Own database, file OwnDB8.xml, if the same
species is found in both files. It is not recommended, therefore, to edit the Main database,
file MainDB8.xml. It would be more convenient to save new data in the Own database. Any
valid file names and directories can be used for the OwnDB8.xml and MainDB8.xml
database files, and both can easily be changed.

All HSC Main database files can usually be found in the \HSC8\Databases folder, whereas
the Own database files are found in the MyDocuments\HSC8\Databases folder. Old
MainDB3.xml, MainDB4.xml, MainDB5.xml, MainDB6.xml and MainDB7.xml files are
included with the new MainDB8.xml database file. Note that different basic thermochemical
data may cause differences to the calculation results. For example, the use of HSC
MainDB4.xml or MainDB5.xml database files may lead to different calculation results. See
Chapter 31 for details.
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Structural Formula, Che... ~ ] Electrons W Fuids
Basic Data
Formula Ac CAS 7440-34-8 He formation at 298.15K | 0.000 kafmol
Structural Formula Molecular Weight  227.000 g/mol 5°at208.15K 61.999 3/(mol*)
Chemical Name | Actinium Melting Point | 1324.150 s Cpat298.15K |26.999 (mol™K)
Common Name: Boiling Point ' 3471.150 K
TemperatureRanges  Cp(T) = A+ BT« 1073 + (T« 105+ DT? «107*
B2 v 298.15
Range 1 2 Bl 4 D 6 7 8 C) |
Tmin (K) 208151 1323.00
Tmax (K) 1323.00 5000.00
Phase B |
H kI / mol 0.000 12.000 |
S1/(mol *K) 62.000 9.070 i
Cp coefficient A J/{mol*K) 23.799 42.000
Cp coefficient B 10.732 0.000
Cp coefficient C 0.001 0.000
Cp coefficient D 0.001 0.000
Density kg/| 10.070 0.000
Color 15 0
Solubility in H20 g/I 0.000 0.000
Reference Landolt 99, R Landolt 99, Ruzinov 75

Reliability Class
<«

Selected Spedies -0

Databases in use... v

Fig. 1. Database Editor.

1

1

Database Editor, Fig. 1, makes it possible to search for species on the basis of given
elements, chemical formula, or keywords. It also enables the editing of old data, saving of
new data, etc. The database editor is also the tool for converting thermochemical data to
the H, S, and Cp formats for saving in the HSC databases. You can use these options by
pressing the appropriate buttons in the top bar of the editor. Detailed use of the database
and its options are presented in the following sections.
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28.2.

Notations and Abbreviations used in the Database

The chemical formulae are written using the standard formalism and as briefly as possible.
However, there are some exceptions, because superscripts and subscripts cannot be used.
These will be discussed in the following paragraphs in more detail. See also Chapter 33.
Species, for a complete list of all the species in the Main database.

Thermodynamic data for the solid and liquid phases of a substance are usually saved under
the same formula name: for example, the formula Cu contains data for solid (fcc) and liquid
copper. Gaseous substances, however, have their own records and their names have the
extension (g), for example Cu(g).

If the extension () is added to a chemical formula and such a substance is not found in the
database files, HSC automatically searches the records for the liquid phase and
extrapolates its H and S to 298.15 K, using the Cp data of the liquid. Be careful, however,
when utilizing the extrapolated values, as the method is purely mathematical, especially if
the temperature of your system is far from the stable liquid temperature range of the
species considered. Likewise, you can also extrapolate solid data records beyond the
melting point by adding the extension (s) to the condensed species.

Exceptions to the normal chemical notation are formulae which start with a stoichiometric
number. An extra * character (for example *3AI203*2SiO2) must be added at the beginning
of such a formula.

Because different composition coordinates have been used for aqueous species in the HSC
database, they must be distinguished from other species with a similar stoichiometry. This
is done using the suffix (ending) "a)" with uncharged aqueous molecules, radicals and ions,
for example:

H* = H(+a)
OH- = OH(-a)
Fet3 = Fe(+3a) etc.

HSC also calculates the electronic neutrality of the system and therefore the suffix of an
ionized species must also contain the charge, for example H(+a), OH(-a), Fe(+3a), etc.
lonized gaseous species are written using a similar formalism: Ar(+g), H2(+g), etc. Endings
can also be used to distinguish compounds with a similar chemical formula, for example,
different allotropic forms, organic isomers, etc. Here are some examples:

C = Graphite
C((D = Diamond
C8H10(EBZg) = Ethylbenzene (gas)
C8H10(OXYI) = ortho-xylene (liquid)

Note that the endings must be inside parentheses. The use of lower-case letters s, |, gor a
is not recommended, because they are also used to distinguish the states of matter, i.e. the
solid, liquid, gas and aqueous states.
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28.3.

HSC Formula Syntax

An easy and illustrative specification method of species is needed in thermochemical
calculations. In inorganic chemistry this is not usually a problem, because traditional
formulae are quite short and illustrative. However, problems arise with some natural
minerals with quite long and complicated formulae and especially with many extremely
complicated organic species, for example:

C6H4(COO(CH2)7CH3CH(CH3)2)2 = Di-isodecyl phthalate.

Species could be identified using chemical names, but these are very clumsy to use, the
Chemical Abstract numbers are not illustrative, the structural formulae could be very long
and gross formulae are not sufficient. These are the main reasons for the formula syntax
used in HSC Chemistry 8.0. The basic idea of this syntax is described in the previous
section 28.2 and in Fig. 2. More details are given in the following paragraphs as well as in
Chapter 29. Hydrocarbons for the organic species.

Gross formula  Identifier Charge State
C6HA4CI2 12D +2

C6H4CI2(12D+2g) 1,2-Dichlorobenzene
~_—

Suffix
(12D+2g)
Fig. 2. The chemical formula syntax used in HSC Chemistry 8.0.

1. Superscripts and subscripts cannot be used.
2. Inner parentheses are not allowed, for example:
H2(Sn(OH)6) is not a valid formula, use H2Sn(OH)6, instead.
3.  The last parentheses, at the end of the formula, are always reserved for the suffix,

see Fig. 2. Therefore, the formula AIO(OH) is not allowed. Please write it in one of the
following ways: AIO2H, AIO*OH or AIO*(OH).

4.  The last two characters specify the state if the last character of the formula is “)”. For
instance, gas, liquid and aqueous identifiers must be at the end of the suffix. See the
following examples and Fig. 2:

As(9) Monoatomic arsenic gas
02(g) Diatomic oxygen gas

Fe(l) Liquid iron

OH(-a) Aqueous OH ion (charge = -1)

5.  Gaseous species always need the “g)” suffix. The state identifier “s)” is not used for
the solid species. Normally, the liquid species are also written without the “I)” suffix,
but sometimes an “l)” suffix must be added to the formula.

6.  The charge of an ion must be written just before the state identifier with the correct
plus or minus sign. For example: H(+a), SO4(-2a), O2(-g), etc., see Fig. 2. The phase
identifier a is used in the database for most aqueous species, ions and neutral
molecules alike. In addition to these, there are also neutral aqueous species which
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have the phase identifier ia. These species are calculated from their ionic
components.

7. Identical gross formulae must be separated from each other using the identifier just
before the charge and state identifiers, see Fig. 2. These identifiers should be
constructed from the name of the substance. Substances with the same composition,
but different crystal structure, can easily be separated from each other using only one
character identifier. Note that the most common form of the substance is written
without any suffix. For example:

C Carbon
C(D) Diamond
FeS2 Pyrite

FeS2(M) Marcasite

The situation with organic substances is not as simple because there are a number of
substances with the same gross formula. Therefore, longer identifiers must be used,
but it is recommended to keep the length of the identifier to three characters, see Fig.
2. In many cases, the identifier must be longer, for example:

C7HB6N204(26DNTg) 2,6-Dinitrotoluene
C7HB6N204(34DNTg) 3,4-Dinitrotoluene

Numbers can also be used in the identifier, but the last character of the identifier
cannot be a number, because it might be confused with a charge, for example:
CH2CIBr(CBM+2g), where +2 is a charge, see also Fig. 2 and Chapter 29.
Hydrocarbons.

8. The formula before the suffix can be written in many ways, usually the same syntax is
used in the main database of HSC as in the original data source. However, in some
cases there is no established and settled syntax for all the formulae and therefore
sometimes a different syntax has been used in the HSC 8.0 database, for example:

CaMgSiO4
MgTi205

Ca0*MgO*SiO2 Calcium magnesium silicate
MgO*2TiO2 Magnesium dititanium pentaoxide

The stoichiometry text filter in the database editor can be used to display all the
formulae with the same elements and stoichiometry, see Fig. 1. The formula can be
written using nearly any conventional syntax to find the species with the same
stoichiometry.

Another useful feature, which is in nearly all the calculation modules, is the possibility
to check the name of any species in the database as well as to collect formulae
directly from the database, see Chapter 10. Reaction equations, Fig. 10.

9. The formula cannot start with a number character. For example, 2NiO*SiO2 is not a
valid formula, because the reaction equation module may confuse the first “2” with the
stoichiometric coefficient in a reaction. Please add an asterisk “*” to the beginning of
such a formula: i.e. *2NiO*SiO2.

Please note that you can easily check the name and other data of a species in most of the
HSC modules by double clicking the formula in the list or using the right mouse button.
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28.3.1.

Reference States

The reference state used in the databases is the most stable phase of the pure elements at
298.15 K and 1 bar. The enthalpy and entropy scales of the elements are therefore fixed in
HSC Chemistry by defining:

H° = 0at 25°C and 1 bar.
S° =0at 0 Kand 1 bar (absolute entropy scale, third law scale).

Previously, the standard pressure was one atm, but more recently 1 bar has been adopted.
This has a negligible effect on the H, S, and Cp values at 298.15 K.

The data of aqueous species is given for a theoretical 1 mol/kg H,O solution at 25 °C and 1
bar, which is extrapolated from an infinite dilution on a molality scale. The aqueous ions
have been saved using the conventions traditionally used in aqueous chemistry. The scale
is fixed assuming that the enthalpy, entropy and heat capacity values for a hydrogen ion
(H+) at all temperatures are zero in a hypothetical ideal, one molal solution (1 mol/kg H20),
ie.:

AH°(H*)=0 AS°(H*)=0 C,(H)=0

The different scales between aqueous ions and other substances in the HSC database do
not, however, cause difficulties in the calculations, because HSC Chemistry makes the
scale conversions automatically, as long as you remember to use the "a)" extension with
the aqueous species with the proper integer and sign for the charge, i.e. (+a), (-2a), etc.
However, please note the difference between "a" and "ia" in neutral aqueous species.
These are described in more detail in the next section.
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28.3.2.

Aqueous Species

The thermodynamic properties of aqueous ions are traditionally given only at 25 °C, which
limits the use of calculations to room temperature. Therefore, HSC Chemistry extrapolates
the heat capacity values of such ions to higher temperatures by an empirical correlation, the
Criss-Cobble method, if the Criss-Cobble option is selected. This method has been
described in the following references’"*.

The Criss-Cobble method is only used if the temperature coefficients of the heat capacity
function are not given in the HSC database. It is not used if B, C, and/or D are given
together with A. By using this method, it is possible to extrapolate the heat capacity and
estimate its values up to 300 °C. According to previous references in the literature' ", the
extrapolated Cp values have been found to be quite consistent with the experimental data
available.

HSC Chemistry makes some modifications to the data of aqueous ions:

- The entropy scale of aqueous ions is changed to the "normal" absolute (Third Law)
entropy scale by subtracting 5 cal/(mol*K) from the hydrogen ion scale at 25 °C. This is
“the experimental entropy value for hydrogen ions” in the absolute scale'. This
conversion is needed for Criss-Cobble extrapolation and is invisible to the user.

- The entropy values of aqueous ions contain the mixing entropy to a 1 molal solution.
Therefore, the entropy change R*In xi = 1.987*In(1/55.51) = 7.981 (cal/mol*K) may be
subtracted from the entropy if a mole fraction scale is used for the aqueous solution.
HSC introduces hypothetical "pure ion" entropies in the Equilibrium Compositions
program if the Mixing Entropy Conversion option is selected, see Chapter 13 (section
13.3) of the Equilibrium Module, and Fig. 5.

There are two types of neutral aqueous species in the HSC 8.0 database:

1. "a" as the phase identifier: Data may not be calculated from other aqueous species.
2. "ia" as the phase identifier: Data may be directly calculated from the species.

The enthalpy and entropy values of an "ia" species may be calculated as a sum of its
dissociated components, for example, the enthalpy for MgSO4(ia) is:

MgSO4(ia) = Mg(+2a) + SO4(-2a) = -465.960 +(-909.602) = 1375.562 kJ/mol

This calculation procedure may not give exactly the same results as given for an "a"
species in the HSC database due to the different original data sources for the species. The
H and S values for an "a" species such as MgS0O4(a) cannot be calculated in the same
way. Note: It is recommended to use only "a" species in the calculations.

The reason for the differences in H, S, and Cp values is usually because the HSC database
is collected from some 900 different data sources and there are a lot of small differences
with the original data for the same species in these sources. For example: HF(a), HF(ia),
H(+a), F(-a) are taken from different sources.
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28.4.

Search Options

Text Filters Type Filters Organic Filter
EEizis Any M W Gases W/ Liquids ! Indude Organics
Formula Start With v Gas Ions Agueous Ions

- 4 M Aq Range Of Carbon Atoms
Stoichiometry /! Condensed V! Aqueous Neutrals
Keywords Structural Formula, Che... ~ W/ Electrons W/ Fluids

Fig. 3. Database filters used in browsing.

In the HSC database menu, there are several ways to find species from the databases (Fig.
3). In order to find the correct species, you can apply filters to the database, which will
narrow the search down to the matching species. The use of these filters is described in the
following sections.

All the filters can be used co-operatively, meaning that you can include parameters and
options from all of the filters and they are added up to produce the Matching Species list
(Fig. 4). You can switch the list to include the species from the Main, Own or both
databases by using the buttons in the top menu (Fig. 5).

Matching Species - 24958
Ac -
Ac(g)

Ac(+g)
Ac(+3a)
AcBr3(qg)
AcBr3(a)
Ac2(C204)3(a)
AcClI3
Ac(ClO4)3(a)
AcF3

AcI3(a)
Ac(NO3)3(a)
Ac203
Ac(OH)3
Ac(OH)3(a)
Ac2(504)3(a)
Ag

Ag(l)

Ag(g)

Ag2(g)
Ag(+9)
Ag(+a)
Ag(+2a)
Ag3As0O4
Ag3As04(ia)

nnnnn

Fig. 4. The Matching Species list shows the set of species that match the conditions set by the
filters. This list is automatically updated every time the filter settings and parameters are changed.

3| @

Main Database  Own Database

Fig. 5. Select which database content you want to see (Main, Own or Both).
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28.4.1.

Text Filters - Elements

The first search option (in Fig. 3) makes it possible to find all the species that contain given
elements in the HSC database. You can type the elements into the field or select them from
a periodic table (Fig. 6 and Fig. 7). Selecting elements from the periodic chart updates the
Elements text filter automatically.

B | ¥ . b2
Find by Diagrams DB Merge FitCp
Elements v Data

Fig. 6. ‘Find by Elements’ enables you to select the elements from the periodic table.

@ Find By Elements - |l x

1 2 3 & 5 6 7 8 9 10 n 12 13 14 15 16 17 18
1

4
Be

87 88 89-
1] 57 58 59 60 61
Fr Ra " La Ce Pr Nd
FEr i R vl s i

Ac"Th" Pa’ U " No” Pu’

Uranium.
22m 2320977 23100588 23802891

Transition Post-transition [
Alkall Alkaline Uil . [aserd

Lanthanides Actinides

Elements: Nj Cu S Hide Legend

Fig. 7. Selecting elements from the periodic table.

The Elements filter can operate in three different modes: Any, All and Possible Species.
You can see the active mode and change it from the dropdown menu next to the Elements
filter (Fig. 7).

Text Filters
Elements NiCusS Possible Species v
Formula Any
o All
Stoichiometry Possible Spedies
Keywords Structural Formula, Che... ~

Fig. 8. Modes of the Elements filter.
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28.4.2.

28.4.3.

28.4.4.

The modes work as follows:

Any - All the species that contain at least one of the entered elements.

All - All the species that contain all the entered elements, but other
elements can also be included in the species.

Possible Species - All species that can be formed using the entered elements, but
not all of the elements need to be included in each of the species.

Text Filters - Formula

The Formula text filter allows you to filter the database according to the chemical formula
(Fig. 8). This filter can be used in two modes:

Start With - All the species that start with the entered formula text.
Contains - All the species that contain the entered formula text.
Text Filters
Elements Any v
Formula H20 Start With v
Stoichiometry Start With |
Contains
Keywords StructiralFormala, Che...

Fig. 9. Modes of the Formula filter.

Text Filters - Stoichiometry (Not available in HSC 8.0)
Text Filters — Keywords

The Keywords text filter allows you to filter the database by applying various keywords
used in Structural formula, Chemical Name, Common Name or Chemical Abstract Service
(CAS) (Fig. 10). You can enter multiple keywords and the results include all the species
that have at least one of the keywords in their basic data.

Text Filters

Elements Any v
Formula Start With v
Stoichiometry

Keywords Structural Formula, Che... ~

i/ (Select Al

/| structural Formula
/| Chemical Name
\/ Common Name

V] cas

OK Cancel

Fig. 10. Keywords Filter. You can select which fields are applicable for the Keywords filter.
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28.4.5. Type Filters

Type Filters can be used to filter out species that belong to certain phases (Fig. 11). These
filters can also be used to exclude the electron and fluid species from the matching species.

Type Filters
/| Gases v Liquids
\/ Gas Ions \/ Aqueous Ions
/| Condensed v Agqueous Neutrals
/| Electrons /! Fluids

Fig. 11. Type Filters. You can select which phases are included in the matching species list. You can
also include or exclude the electron and fluid species.

28.4.6. Organic Filter

Organic Filter is used to narrow down the list of matching species for organic compounds.
If you do not want to see organic compounds in the matching species list, you can easily
filter them out by un-checking the ‘Include Organics’ checkbox. This will exclude all the
species which contain three or more carbon atoms in their chemical formula. You can also
specify the amount of carbon atoms in the species that you wish to be included in the
matching species list (Fig. 12).

Organic Filter

v/ Indlude Organics

Range Of Carbon Atoms
1, 3-5, 79

Fig. 12. Organic Filter. You can specify the amount of carbon atoms in the species, by entering the
values in the ‘Range of Carbon Atoms’ box.
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28.5.

Diagrams

You can plot the thermochemical data for a selected set of species by using the Diagrams
options. In order to plot the data, you must first select the species for which you want the
graphs to be drawn. Selection can be carried out in several ways. You can double click,
drag and drop, or use the option in the right click menu to import the species to the
Selected Species box (Fig. 13). Note that you can drag and drop multiple species
simultaneously by holding down the Ctrl and Shift keys.

Matching Species - 24958
Ac
Ac(q9)
Ac(+g)
Ac(+3¢

ACBI’3( Select all
AcBr3( Add to Own DB

Import to Selected Species

Ac2(C204)3(a)

AcF3
Acl3(a)

Ac(NO3)3(a)

Ac203

Ac(OH)3

Ac(OH)3(a)

Ac2(S04)3(a)

Ag

Ag(l)

Ag(g)

Ag2(g)

Ag(+9)

Ag(+a)

Ag(+2a) Selected Species - 2
Ag3As0O4 Ac
Ag3As04(ia) Ac(g)

nnnnn

Once you have the all the species in the Selected Species box, you can select the correct
diagram type from the Diagrams options (Fig. 14).

L
“u K
Find by Diagrams DB Merge Fit Cp
Elements Data

X
N

[[w|

H Enthalpy (total) I
H Heat Content

S Entropy

Cp Heat Capacity

G Gibbs Energy

Delta H

Delta S

EE R EE R

Delta G (Elingham)

Fig. 14. Select the thermochemical property to be plotted for the Selected Species.
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After selecting the correct property, HSC will automatically draw the diagram using HSC
Diagrams (Fig. 15).

& Thermochemical Data Diagrams — o jix

File Edit Help

Active spedies  Si02 Diagram Type S Entropy
A c D £ F (~| s Entropy - 3607
1 Species TMin(K) TMax(K)| T2 T2 T 340 | —sio2 :
2[sio2 | 29815 4700.00[273.15 298.15 32 Pt (T i ) 320 4 _§!§N4 Si3N4
3 |siC 298.15 5600.00|273.15 298.15 32: ] HAX FEP - '
4 Si3Ng 298.15 4000.00(273.15 298.15 32: 273.15 2273.15 50 300
5 - B 280
6 G ©«k
5 260
5 Y-axis Range 240
MIN MAX
9 220 4
10 14.00 361.00 V] Auto
< 900 4
2 calfmol™) © 3/(molK) kg 5
L2 i £180+ Si02
13 -
7 Balance Element Amount | 1.00 160
15 Ac Bi Cr GaK Nd Po Sb Th zr 140
Ag Bk Cs Gd Kr Ne Pr Sc Ti
16 Al Br CuGela Ni Pt Se Tl 120 .
17 AmC Dy H L NpPuSi Tm 100 sic
18 Ar Ca Er He lu O Ra Sm U
19 As Cd Es Hf Mg Os Rb Sn V 80
At Ce Eu Hg Mn P Re Sr W
20 Au Cf F Ho Mo Pa Rh Ta Xe 60
21 B ClFel N PbRnTbY
22 Ba CmFm In Na Pd Ru Tc Yb 40 4
Be CoFr Ir NbPmS Te Zn
23 = 20
24 e T T T T
PE Browse Database 500 1000 1500 2000
4 Temperature
W 4« » | X-data /Y-data <[ » o] pe ®
Ovutotec

Fig. 15. HSC Diagrams can be used to plot thermochemical data for the species in the database.
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28.6.

Editing data in the Own database

HSC allows you to create your own database and edit its content. Editing is only available
for the active Own database. To edit the data of a species in the Own database, first select
the correct species and then activate the Edit mode from the top menu (Fig. 16); then you
can change the data of the selected species (Fig. 17). Once you have edited the data, save
the changes with the Save button at the top.

@ Database Editor

® |/ H

View Edit Save

Fig. 16. Edit and View mode. Editing is possible only for the species in the Own database.

& patabase Editor — (o[ x
= i i
@ (g H - K °C : 4 a B H b
View | Edit | Save Fit Cp Help  About

Data

Basic Data - [Updated on 2.4.2014]

Mo0O2(ConstantCp) Formula MoO2(ConstantCp) CAS 18868-43-4 He formation at 298.15K  -587.899 K3jmol
Mo02.75 Structural Formula Molecular Weight | 127.948 gjmol Soat298.15K 46,509 o)
mgg;g;: Chemical Name Molybdenum(1V) oxide Melting Point | 2200.000 K Cpat298.15K | 1304.568 J/(mol ™)
Common Name Boiling Point 0,000 K
MoO3
M09026(s) TemperatureRanges  C,(T) = A+ BT « 1073+ CT~2+ 105+ DT? «10°¢
82 v 298
Range 1 2 3 4 5 6 7 8 9 o
Tmin (K) 298.00]
Tmax (K) 3000.00
Phase s
H k! / mol -587.899 L
51/ (mol *K) 46.510 B
Cp coefficient AJ/(mol*K) |  1304.569
Cp coefficient B 0.000‘
Cp coefficient C 0.000'
Cp coefficient D 0.000'
Density kg/I 0.000
Color 0
Solubility in H20 g/I 0.000
Reference
Reliability Class 0 o

Ll »

Qutotec  Datsbasesinuse... v

Fig. 17. Editing data in the Own database. Edited data can be saved with the Save button, and
cancelled with the View button.

You can edit any value or text if you have more accurate data available, and you can also
add or delete temperature ranges. To add a new species to your Own database, click Add
New Species from the top menu (Fig. 18).
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28.6.1.

28.6.2.

@ Database Editor

— — o) 18 \_\
File View Edit | Add New
v Spedies

Fig. 18. Adding new species to the Own database.

You can also use existing Main database species as templates and add them to your Own
database by right clicking the species in the Matching Species list and selecting Add to
Own DB (Fig. 19). This will create a copy of that Main database species to the Own
database, which can then be edited.

Al20(g)
AI202(g)
Al203
Al203(]
A|203(§ Select all
A|203(( Add to Own DB
AI203(D)

Fig. 19. Using Main database species as templates for Own database species.

Import to Selected Species

Adding and removing temperature ranges

You can add or remove temperature ranges in the Own database to extend or limit the valid
temperature range of the species. In the edit mode, you can manipulate the data fields of
the temperature ranges(Fig. 20). Note that when editing temperature ranges, you should
pay attention to the enthalpy and entropy values in the first column and also make sure that
the temperature range, as a whole, is continuous.

4 5
1402.00 3000.00
3000.00 3300.00

| I
9.623 0.000
6.864 0.000
90.000 90.000
0.000] 0.05
0.000
0.000
0.000
0
0.000
Belov 99, SGTE 94, Landolt 00
1

Fig. 20. Adding temperature ranges.

Commenting on data in the Own database

Commenting on data values is also possible in HSC 8.0. You can add a comment to a
certain field by entering the Edit mode, selecting the field you want to comment on and
clicking the Add/Remove Comment from the right click menu (Fig. 21). This will open a
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dialog in which you can enter or remove the comment (Fig. 22). Finally, you can see the
added comments any time in the View mode, by clicking the commented field in the
database (Fig. 23). Note that all the commented fields in the database are indicated by
color-coding.

i

Add/Remove Comment

Molecular Weight

Fig. 21. Adding a comment to a value field. You can also add comments to the cells in the
temperature range table.

Molecular Weight
Enter the comment, blank to remove it

Estimated value

oK Cancel

Fig. 22. Enter the comment in the Comment dialog.

Estimated value

Molecular Weight 291.498 a/mol

Fig. 23. Comments can be displayed in the database by clicking the commented fields in the View
mode. Commented fields are presented using color-coding.

The cells in the spreadsheet can also be commented. In the Edit mode, right click the cell
and select Insert Comment. This will open textbox for the comment (Fig. 24). Comments in
the spreadsheet can be identified with red marker in the cell (Fig. 24).

1 2 3 1 2 3
298.15 376.00 717.00 298.15 376.00 717.00
376.00 717.00 1402.00 376.00 717.00 1402.00

S
-83.300

S
-83.300

S

L
More decimals

added to the value. |1.213

1

1

Belov 99, Bar Barin 89, SGT Barin 89, SGT

1

116.220 92 116.220 1.692
53.438 19 53.438 5.019
76.459 .000 76.459 30973 0.000
0.117 0.046 0.000 -0.117 -0.046 0.000

2.456 0.147 0.000 2.456 0.147 0.000
5.600 0.000 0.000 5.600 0.000 0.000

31 31 31 31 31 31
0.000 0.000 0.000 0.000 0.000 0.000

Belov 99, Bar Barin 89, SGT Barin 89, SG1

1

Fig. 24. Commenting the cells in the spreadsheet.
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28.7.

28.7.1.

Data fields in HSC databases

In HSC databases, data is given in two classes, Basic Data, and Temperature Ranges
(Fig. 25). Basic Data contains general information about the species, such as the name and
molecular weight, whereas Temperature Ranges contains temperature-dependent data.
Each of the data fields is described in more detail in the following section.

Basic Data

Formula

The formula must always be given. The valid formula syntax is described in section 28.2.1.
The database editor will use this formula when it is calculating the molecular weight.

The use of the correct state identifier (g, |, a, etc.) is extremely important, because the
calculation modules handle the species in different ways. The state identifier “g)” must
always be used for a gaseous species and “a)” for an aqueous species. Solid species can
be given without the state identifier “s”. Liquid species and different structural forms can be
specified in two ways:

A. One formula for liquid and solid phases

This format is traditionally used for inorganic species, see the example in Fig. 25. Solid and
liquid copper sulfides, as well as its different crystallographic forms, have the same formula,
Cus,S, in the database. It is extremely important to note that:

The enthalpy H value in the first temperature range must be the heat of the formation of
solid Cu,S at 298.15 K and 1 bar.

The entropy S value in the first temperature range must be the standard entropy of solid
Cu,S at 298.15 K and 1 bar.

The enthalpy H value in the following temperature ranges must be the heat of phase
transformation at the phase transformation temperatures. The following phase
transformations can be seen in Fig. 25:

- 376 K: Orthorombic a-Cu,S — hexagonal B-Cu,S

- 717 K: Hexagonal B-Cu,S — cubic y-Cu,S

- 1402 K: Cubic y-Cu,S — liquid Cu,S
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Basic Data

Formula Cu2S CAS 22205-45-4 He formation at 298.15K  -83.299 k3/mol
Structural Formula Molecular Weight | 159.157 g/mol 5°at298.15K 116.219 3(mol*K)
Ch | N C Ifid Melting Point K
e oo () =ifide -0 Cpat298.15K 76.320 f(mol=K)
Common Name Boiling Point  0.000 K

Temperature Ranges  Cp(T) = A+ BT« 1073 +CT 2+ 105+ DT? «107¢

B2 v 298.15

Range 1 2 3 4 5 6 7 8 9 =
Tmin (K) 298,15! 376.00 717.00 1402.00

Tmax (K) 376.00 717.00 1402.00 3000.00

Phase s s s |

HkJ / mol -83.300 3.849 1.213 9.623 5
SJ/{mol *K) 116.220 10.238 1.692 6.864 I
Cp coefficient A J/{mol*K) 53.438 112.140 85.019 90.000

Cp coefficient B 76.459 -30.973 0.000 0.000

Cp coefficient C -0.117 -0.046 0.000 0.000

Cp coefficient D 2.456 0.147 0.000 0.000

Density kg/| 5.600 0.000 0.000 0.000

Color 31 31 31 0

Solubility in H20 g/1 0.000 0.000 0.000 0.000

Reference Belov 99, Bar Barin 89, SGT Barin 89, SGT Belov 99, SGTE 94, Landolt 00

Reliability Class 1 1 1 1 ~
<« »

Fig. 25. Data of Cu,S species in the HSC Database.

19 (31)

The entropy S values in the following temperature ranges are the entropy changes in the
phase transformations. Note that AS,, can be calculated from the corresponding AH,,

values using Equation (1) at the transition temperature T, . Bear in mind that this relation is

not valid for the heat of formation and standard entropy values at 298.15 K.

AS" - AI-Itr
T;

r

B. Different formulae for liquid and solid phases

(1)

The same data can also be given using different formulae for each species. The copper
sulfide data in Fig. 25 may be divided into four separate phases: Cu,S(A), Cu,S(B),
Cu,S(C) and Cu,S(l). It is, however, extremely important to note that for each phase:

The H value in the first temperature range must always be the heat of formation of solid

Cu,S(A), Cu,S(B), Cu,S(C) or liquid Cu,S(l) at 298.15 K and 1 bar.

The S value in the first temperature range must always be the standard entropy of solid

CuyS(A), Cu,S(B), Cu,S(C) or liquid Cu,S(l) at 298.15 K and 1 bar, respectively.

The enthalpy and entropy change values for phase transformations cannot be used. The
heat of formation and standard entropy values for each state must be extrapolated from the

normal stability range down to 298.15 K.

Quite often the heat of formation and standard entropy values for organic species are given
separately for gas, liquid and solid phases at 298.15 K. These values can easily be saved
in the HSC database. However, different formulae must be used for each phase. See, for
example, solid benzene C6H6(BZE), liquid C6H6(BZEI) and gaseous C6H6(BZEQ) in the

HSC Main Database.
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Structural Formula

The structural formula is not utilized by the calculation modules, but it can be used to
specify the species. It may also be used to save normal formula synonyms.

Chemical Name

The chemical name is not needed in thermochemical calculations, but it is very useful when
selecting species for the calculations. Please use lower case characters, but start with an
upper case character.

Common Name

Usually substances have a short common name that is used instead of the long chemical
name. Mineralogical, trade, etc. names as well as synonyms can be used. Please try to use
the most common ones in the HSC databases and use lower case characters, but start with
an upper case character.

Chemical Abstract Number

The Chemical Abstract Number is one precise way to specify substances. However, this
number is not usually available in the original references of the HSC database, therefore
these data are partly missing in HSC 8.0. However, this data field gives the users the
possibility to use CAS numbers in the Own database.

Molecular Weight

The molecular weight is calculated automatically in HSC 8.0. The calculation is based on
the chemical formula of the species, written in the Formula field.

Melting and Boiling points

These data are not used by the calculation modules. However, the values are very helpful
when analyzing the calculation results. Negative values mean that the substance
decomposes before the melting or boiling point.

H° formation at 298.15 K

This field shows the formation enthalpy of the species at 298.15 K. The value for this field is
read from the first range of the Temperature Ranges table.

S° at 298.15 K

This field shows the absolute entropy of the species at 298.15 K. The value for this field is
read from the first range of the Temperature Ranges table.

Cp° at 298.15 K

Copyright © Outotec Oyj 2014



HSC 8 - Databases
UtOt?c November 19, 2014
Research Center, Pori / Lauri Maenpaa, Petri 14020-ORC-J 21 (31)
Kobylin, Tarja Talonen Antti Roine

28.7.2.

Temperature Ranges

Temperature Range (Tmin and Tmax)

A valid temperature range must always be given for the H, S, and Cp data, because the
calculation modules use these temperatures in nearly all calculations. The basic idea of the
temperature ranges is described in the previous Formula section. Remember also that:

The first limit, Tmin, is the lowest temperature where the Cp coefficients A, B, C, and
D are valid. Traditionally, the first temperature range starts from 298.15 K (= Tmin).
However, other temperatures may also be used.

The second temperature, Tmax, is the highest temperature where the Cp coefficients
A, B, C, and D are valid.

Quite often the upper limit, Tmax, is the phase transformation temperature. However,
sometimes the heat capacity temperature dependence of a phase is so complicated
that it has been divided into several ranges. In these cases, the phase transformation
enthalpy and entropy values are zero (0).

The temperature ranges of a substance and formula must be continuous. No
discontinuities are allowed.

Phase

The correct state must be given for the species: g for gases, | for liquids, s for solids and a
for aqueous.

H

The first enthalpy value at 298.15 K and 1 bar must always be the heat of formation of the
same state as that described in the formula and phase fields. If there are several
temperature ranges, the other H values are the heat of transformation at the phase
transformation temperatures. Note that the heat of formation for elements is zero at 298.15

K.

S

The first entropy value at 298.15 K and 1 bar must always be the standard entropy of the
same state as that described in the formula and phase fields. If there are several
temperature ranges, the other S values are the entropies of phase transformations at the
transformation temperatures.

Cp coefficients A, B, Cand D

These values are the coefficients of the heat capacity function, see the equation in the
header of the Temperature Ranges table or Chapter 8. Infroduction, Equation (4). These
coefficients are not needed if thermochemical calculations are done at 298.15 K or near
that temperature. At other temperatures, it is essential to know these data.

Quite often the A, B, C, and D coefficients are not available, and the heat capacity values
are listed as a function of temperature only. These values can easily be converted to A, B,
C, and D coefficients using the Fit Cp Data (28.10 Fitting Cp data) option of the database
menu.

Sometimes the coefficients A, B, C, and D are given for other heat capacity functions than
those used in HSC Chemistry. Their coefficients can also be converted to HSC format using
the Fit Cp Data option of the database menu.
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Density

The calculation modules use density values in the mol - kg - NmS3 - conversions. However,
missing density values do not usually cause too much trouble. Kg/l units have been used
for condensed species and g/l for gases.

Color

The color of a species is given as a numver. You can find the available color options from
section 28.14. Database Appendix A: Color codes.

Solubility

These values are available for some species, but they are not used in calculations in HSC
8. This field is provided in order to guarantee the compatibility of the database with future
versions of HSC.

Reference

It is always recommended to give the original reference of the data. Most of the references

used are cited with abbreviations. The abbreviations are formed using the author name and
the year of publication. The Main database abbreviations are given in alphabetical order in

Chapter 32. Data references.

Reliability Class

The data in the HSC Main database have been collected from a large number of sources.
Especially in some old sources, the accuracy of the H, S, and Cp data does not seem to be
so good. However, all of these data have been included in the Main database, because in
some cases small errors in the basic thermochemical data are not critical.

The reliability class gives a rough estimate of the reliability of the data. The best reliability

code is 1 and worst is 10. Usually, new data books have a reliability class of 1. The user
can easily edit the reliability class in the same way as the rest of the cells.
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Quite often only the heat capacity values at different temperatures are available. You can
convert these data to A, B, C, and D coefficients using the Fit Cp Data tool (Fig. 26 and
Fig. 27) and by following these steps:

EEE | [¥%

o

Find by Diagrams DB Merge Fit Cp
Elements ~ Data
Fig. 26. Fit Cp Data tool.
BH Hsc cp pata — Lo Jix
Experimental Data Fitted Data
==} a3 - ”
g Import from Equation Co(T)= A+BT+«1073 +CT 2105+ DT? «107¢ - 4up  Update Spedes
A B c D E - A B c D E F

1 Species AgNO3 | 1 [Range 1 2 3 a 5

2 Molecular Weight 169.873 g/mol 2 Tmin (K) 298.15 433 483

3  Temperature Cp Experimental  Cp Fitting Error  Cp Estimates 3 Tmax (K) 4331 483 600

4 K 3/(mol*K) 3/(mol*K) 3/(mol*K) 4 Cp coefficient A J/(mol*K) 87.921  -80.000  128.030

s 208.15] 93.204 90.646 2.745 97.839 5 Cp coefficient B N 525.000 0.000

6 300 93.554 91.042 2.685 90.027 6 Cp coefficient C -13.000 41.243 0.000

7 310 95.445 93.149 2.406 91.806 7 Cp coefficient D 195.171 -279.422 0.000

8 320 97.337 95211 2.184 93.430 8 Average Error

9 330 99.228 97.237 2.006 94.925 9 :

M < » M Fitted a ’

10 340 101.118 99.237 1.861 96.308

11 350 103.009 101.217 1.740 97.59% @ ro | |Gy cabee i?:f::;v:; - Rhuc [>  Estmateco
12 360 104.900 103.184 1636 98.801

13 370 106.791 105.144 1.543 99.933 .

14 380 108.682 107.101 1.455 101.000 -

15 390 110.574 109.059 1370 102.009 1354 Cp Heat Capacity

16 400 112.465 111.023 1.282 102.967

17 410 114.357 112.996 1191 103.878 1304

18 420 116.249 114.979 1.093 104.746

19 430 118.142 116.977 0.986 105.576 125

20 433 118.710 117.579 0.952 105.818

21 433 118.291 116.934 1.147 105.818 120

22 440 119.608 118.207 1172 106.371 -

23 450 121.499 120.034 1.206 107.133 L5 )

24 460 123394 121.865 1.239 107.865 £ Experimental ]

25 470 125.288 123.696 12711 108.570 5 M0 HSC Estimates

26 480 127.177 125.522 1302 109.249 1054

27 483 127.742 126.068 1311 109.447

28 483 128.030 128.030 0.000 109.447 1004 — Expormeontal

29 490 128.030 128.030 0.000 109.904 — Fitted

30 500 128.030 128.030 0.000 110.537 95 [ — HSC Estimates

31 510 128.030 128.030 0.000 111.149

32 520 128.030 128.030 0.000 111741 T T T T T T

33 530 128.030 128.030 0.000 112316 _ 300 350 400 450 500 550 600
- B e S P—— Temperature K

4 < » M Experimental m »

Qutotec

Fig. 27. HSC database Cp Fitting module.

1. Select Edit mode and click Fit Cp Data (Fig. 26).
2. Type the temperature and the experimental heat capacity values to the table on the

left in Fig. 27. Make sure that the entered data has the "J/(mol*K)" units.

3.  Add the appropriate Tmin(K) and Tmax(K) values for each temperature range which
you want to fit in the Fitted Data table. Note that the total temperature range has to

be continuous.

4.  Click Fit Cp to get the A, B, C, and D coefficients for each of the ranges. To fit each
range, you need to select a cell in the correct temperature range column and click the

Fit Cp button.

5. You can evaluate the results of the fitted data by comparing the plots of the
experimental and the fitted Cp in the graph. Also, you can find the error value of each
of the temperature ranges in the fitted data table.
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If the first fitting fails to produce acceptable results, try dividing the temperature

ranges differently or adding more ranges to get a better fit. You can also try to get
better results by forcing the fitting to disregard certain coefficients for certain ranges.
To do this, type "N" in the coefficient cell, which you want to be disregarded in the

fitting.

clicking Calculate Cp.

You can also try to input the coefficients manually and reproduce the fitted curve by

You can estimate the Cp values for the species with Estimate Cp. The Estimation

function uses the species name as a parameter and you can also give additional
parameters for the estimation with the Species Type and Structure lists.

When all the ranges have been fitted, you can copy the coefficients to the database

by pressing Update Species. Note that the edited data has to be saved in the Own
database file using the options in the Editor's File menu.

28.8.1.

Converting Cp functions

In some references, the Cp coefficients A, B, C, D, etc. are based on another Cp
expression than that used in HSC Chemistry. The coefficients cannot be saved in the HSC
databases as such, but they can be converted to HSC format using the Import from

Equation tool (Fig. 28).

EJQ Import From Equation
File Edit Help

A
Species AgNO3

B

K CpJ/(mol*K)

298.15]
5

300
310
320
330
340
350
360
370
380
390
400
410
420
430
433
433
440
450
460
470
480
483
483
490
500
510
520
530
540
550

[ RENRE NIV RFSUETTY [FR

WIW W W N NININN NN NN R e e e e e e e e,
D WIN R O|lv|e|No v B WiNRkS|lv|e N un b lw Nk o

m

Qutotec

93.204

93.554

95.445

97.337

99.228
101.118
103.009
104.900
106.791
108.682
110.574
112.465
114.357
116.249
118.142
118.710
118.291
119.608
121.499
123.394
125.288
127.177
127.742
128.030
128.030
128.030
128.030
128.030
128.030
128.030
128.030

-

Equation Template

Formula1

@ Save Equation

B10 v 10
Species AgNO3
=A+B¥*T*107(-3)+C*TA(-2)*107(5)+D*TA(2) *107(-6)
Cp 128.030
Variable T 600
Variable P
F A B C D E F G H
128.030 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Min T (K)
Max T (K)
Step 10_|
< m »
Data
> Calculate Cp Experimental Cp Units | 3/(mol*K) - 4 ImportValues
A B € D E F G H
1 .‘_»Ecies Unit Equation TMin(K) T Max(K) A B C
2 |AgNO3 .J/(mol‘K) Formulal 298.15 433 37.576 186.182 -0.146
3 AgNO3 1/(mol*K) Formulal 433 483 -81.440 531.487 41.259
4 |AgNO3 1/(mol*K) Formulal 483 600 128.030 0.000 0.000
5
6
7
8
L)
10
11
12
< n )

Fig. 28. Converting Cp functions to HSC format (Import from Equation).
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28.8.2.

To import Cp data from an equation form, you can use the following steps:

1.

Select the correct Cp function from the Equation Template list. The selected
equation is displayed in Excel format in the table below.

If the list does not contain the function that you want to use, you can modify one of
the templates to create your own equation. When you have finished editing, you can
save the equation as a new template. Note that the custom equations should always
use the Variable T cell as the temperature variable when defining the equation.

Select the correct units and Cp formulae for each of the temperature ranges.

Enter the Tmin(K) and Tmax(K) values, and the Cp coefficients (A,B,C, etc.) in the
Data table.

Set a temperature step value for the calculation and click Calculate Cp. This will
produce a set of Cp values using the data in the Data table.

Finally, import the calculated values to the Cp fitting window, by clicking Import
Values. This will import the values in J/(mol*K) units.

Fit the Cp data using steps 2-6, as described in section 28.10.

Converting Thermochemical Data to H, S, and Cp format (Not available in HSC 8.0)
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28.9.

Combining Database files

HSC

8 - Databases
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If you have several Own databases and you wish to combine them into a single database,
you can use the Database Merge tool (Fig. 29 and Fig. 30). The merging of database files
creates a new file without deleting the original files.

-l .

Beg W = 174
Find by Diagrams DB Merge Fit Cp
Elements v Data

Fig. 29. Database combining tool.

[ HSC Database Merge

Files

First File

Second File

Spedes - 21555
Ac

Ac(g)

Ac(+3a)
AcBr3(g)

Ac203
Ac(OH)3
Ag

Ag(l)

Ag(g)
Ag2(g)

Ag(+0)
Ag(+a)
Ag(+2a)
Ag3AsO4
Ag3AsO4(ia)
AgAt

A~DD~CH

MainDB5.xml - 17560

MAINDB4.HSC - 3995

Units Filters

. W Valid - 11274 ot
Kelvin W Missing - 2613
Soul - ¥ Added - 322 =
oules ¥ Modified - First File - 3673
v
Basic Data
Formula AcCI3 CAS 22986-54-5 He formation at 298.15K -1087.838 k3/mol
Structural Formula Molecular Weight  333.359 g/mol 5°at298.15K 154.807 J/(mol*K)
Chemical Name Actinium chloride Melting Point | 1075.000 K Cpat298.15K 104.714 3/(mol*K)
Common Name Boiling Point  2030.000 K

TemperatureRanges  Cp(T) = A+ BT+ 1073 + (T2« 105+ DT?«10°¢

B2 v 298.15

Range 1 2 3 4 = 6 7

Tmin (K) 298.15! 1075.00

Tmax (K) 1075.00  2030.00

Phase s |

Hkl / mol -1087.839 35.982

SJ/(mol *K) 154.808 33.472

Cp coefficient A J/(mol*K) 96.232 133.888

Cp coefficient B 28.451 0.000

Cp coefficient C 0.000 0.000

Cp coefficient D 0.000 0.000

Density kg/l 4.810 0.000

Color 7 0

Solubility in H20 g/ 0.000 0.000

Reference

Reliability Class
«

Ruzinov 75
2

Ruzinov 75
2

Fig. 30. Combining two HSC database files.

Please follow these steps to combine any two HSC databases:

1. Load the two databases to be combined using the First File and Second File
buttons.

2. Click Start at the top right of the window to obtain the species from both files in the
Species list.

3. The Species list presents the species from both databases with the following color-
coding:

Valid These are the species which will be included in the new database file. Species

Missing
Added
Modified

that are identical in both databases are initially marked Valid.
You can mark other species Valid by right clicking the species name and
selecting Add Item.

These species are found in the first file, but not in the second file.

These species are found in the second file, but not in the first file.

These species are found in both databases (First File and

), but

there are differences in the data. The values that are different are highlighted.
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4. Choose the species that you want to include in the new database and add them as
"Valid".

5. Save the new database by clicking Save File. Note that you can also edit and
comment on the species data in the merging dialog before saving the file.

28.9.1. Database combining example

Start the combining by selecting two databases (Fig. 31) and click Start.

& Hsc Database Merge — Lo jix
Fies Units Fiters
First Fle ¥ valid
¥ Missing
= ¥ Added
¥ Modified - First File
4
Speces -0 BasicData
Formula cas He formation at 298. 15K jmol
Structural Formula Molecuar Weight gimol S°at 298.15K 3f(mol*K)
Chemical Name Melting Point K Cpat298.15K 3f(mol*x)
Common Name Boiing Point K

TemperatureRanges  Cp(T) = A+ BT+ 1073 + €T+ 105+ DT? «107¢

Range 1 2 3 4 5 3 7 ) €~
[Tmin (K) |

H ki / mol
S/ (mol * K)
Cp coefficient A J/(mol*K)

Density kg/!

Color
Solubility in H20 g/I
Reference

Reliability Class

Fig. 31. Select the two databases

Once the databases are loaded, the species are automatically color-coded (Fig. 32).

B HsC Database Merge ==
Fies Units Fiters
Frstrie | Example DB L.xmi-7 Kelvi g ||| CiEm-2 =
€lvin ¥ Missing - 4
= | Eer ARG Joules — | WAdded-4 saverie
¥ Modified - First File - 2
4
Spedies - 13
Ag cas 7440224 He formation at 298.15K |0.000 ajmol
Ag(l) Molecular Weight |107.868 glmol S°at298.15K |42.676 JWmol )
Ag(zg) Melting Point | 1234.930 K Cpat298.15K 25.357 3f(mol*K)
Ag (g) Boiling Point | 2435.000 K
AgCl
AgCl(g) = R T
TemperatureRanges  C,(T) = A + BT+ 1073 + CT=2+ 105+ DT? « 1076
Ag3CI3(g) 5 - e
Rangs 1 2 3 4 5 6 7 8 =
Cl(g) [Tmin (K) 208.15]  1235.08
C12(g) Tmax (K) 123508 4000.00
a3(g) Phase s |
Cl4(g) H ki / mol 0.000 11.207
42677 9.155
22.700 33.400
6.920 0.000
0528 0.000
0.000 0.000
10.500 0.000
15 [
Solubility in H20 g/ 0.000 0.000
Reference Barin 89, Bel( Belov 99, Barin 89
Reliability Class 1 1

Fig. 32. Color-coded species.

The results in the Fig. 32 show that the two databases contain: one species which is
identical in both databases (Valid), four species which can be found only in the first selected
database (Missing), four species which can be found only in the second database (Added)
and two pairs of species which can be found from both databases, but the data is different
(Modified - First File and )-
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The next step in combining the databases is to select the species which are to be included
in the merged database. The status for the included species needs to be Valid. For
example, to include the species which were present only in either of the databases can be
easily changed as valid by, applying the species filters, and clicking Add Item for the
selected species (Fig. 33 and Fig. 34).

& Hsc Database Merge

—Jax
Fies Units Fiters
Frstrie | Example DB L.xmi-7 Kelvi - valid o1 =
elvin ¥ Missing - 4
SecondFie | Example DB 2.xml - 6 Joules . ¥ Added - 4 Save Fie
Modified - First File - 2
Species -8
:9 . Addltem cas (7440224 He formation at 298.15K |0.000 ajmol
a() Select All Molecular Weight |107.868 gfmol 5°at298.15K 42.676 If(mol)
Ag(g) i
A2 Melting Point | 1234.930 K Cpat298.15K 25.357 3f(mol*K)
92(0) Boiing Point |2435.000 K
Cl(g)
a9 Te Cp(T) = A+BT+«1073 +CT 2« 105+ DT? «107¢
13(g) emperatureRanges  C(T) = A + BT » . .
cl4(g) 0 - |[e15
Rangs 1 2 3 4 5 6 7 8 =
Tmin (K) 298 15! 1235.08
Tmax (K) 123508 4000.00
Phase s |
H ki / mol 0.000 11.297
42677 9.155
22.700 33.400
6.920 0.000
0528 0.000
0.000 0.000
10.500 0.000
15 [
Solubility in H20 g/ 0.000 0.000
Reference Barin 89, Bel( Belov 99, Barin 89
Reliability Class. 1 1
B HsC Database Merge ==
Fies Units Fiters
Frstrie | Example DB L.xmi-7 Kelvi ||| CRER-E =
elvin ¥ Missing - 0
SecondFie | Example DB 2.xml - 6 Joules . ¥ Added - 0 Save Fie
¥ Modified - First File - 2
4
Spedies - 13 Basic Data
Ag Formua Ag cAS 7440224 He formation at 298.15K |0.000 ojmol
Ag(l) Structural Formula Molecular Weight 107.868 gfmol S°at 298.15K |42.676 Jmol™)
ﬁg(zg) Chemical Name  Silver Melting Point | 1234.930 K Cpat298.15K 25.357 3f(mol*K)
g (g) Common Name Boiling Point | 2435.000 K
AgcCl
AgCl(g) vt 1om
TemperatureRanges  C,(T) = A + BT+ 1073 + CT=2+ 105+ DT? « 1076
Ag3CI3(g) 5 - e
Rangs 1 2 3 4 5 6 7 8 =
Cl(g) [Tmin (K) 208.15]  1235.08
Cl2(g) Tmax (K) 123508 4000.00
a3(g) Phase s |
Cl4(g) H ki / mol 0.000 11.297
51/ (mol *K) 42677 9.155

Cp coefficient A J/(mol*K) 22.700 33.400
ient

6.920 0.000

0.528 0.000

ient 0.000 0.000

Density kg/! 10.500 0.000

Color 15 o

Solubility in H20 g/I 0.000 0.000
Reference Barin 89, BelBelov 99, Barin 89

Reliability Class 1 1

Fig. 34. The included species appear as Valid.

Usually the last thing to check is the species that exists in both selected databases. These
species appear as pairs and they have the Modified status. The first of the modified
species pair is always from the "First File" database and the second species from the
"Second File" database. The differing data values in these species are indicated with red
font color. You can choose to include none, either one or both of the species. If both of the
modified species are selected, then the formula of the latter species will be identified with
an added index number.

When the statuses of all the species, to be included in the new database, are changed to
valid, the combined database can be saved by clicking Save File.
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28.10.

Selecting active database

Two databases can be open at the same time. They are called Own and Main. Almost any
valid file name and directory can be used. However, the suffix (type) of these files must be
*xml. Old *.HSC files can be imported to the database and saved in the new format. (Note:
Awdb4.HSC file is in HSC internal use). HSC Chemistry calculation modules primarily use
the data in the Own database. If a species is not found in the Own database, HSC tries to
find it in the Main database.

You can check the currently used active databases from the menu at the bottom of
Database Editor (Fig. 35).

Outotec | Databasesinuse... v |
Main Database: C:\HSC8\Databases\MainDB8.xml
Own Database: C:\Test Files\OwnDB8_Fluorides.xml

Fig. 35. Active databases in HSC 8.

Active databases can be changed at any time from the File menu at the top (Fig. 36). The
active databases can be selected using Load Own Database and Load Main Database.

m Database Editor

(I ‘ — ‘ | —
o @ L L@
File View Edit Add New
v Species

o7 .
7 Load Main Database

(s

e/

Load Own Database

Fig. 36. Changing the active databases.
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28.11. Database Browser

Many of the modules in HSC can call the Database Browser to check data and also to
import species to the modules. The browser contains the same filtering options as the
editor, but editing the data is disabled in the browser. Another difference between the
browser and the editor is the tool for importing species to certain modules (Fig. 37).

E Database Browser —JlLoa j x
y o 3 =7 1 ~7% = )
L] Kic«c @ | B @ ¥ HY
File Joules Calories Kelvin | Celsius | Main Database | Own Database Find by Import Diagrams Help  About
e Elements Items A
Text Filters Type Filters Organic Filter
Elements Possible Species - V! Gases W/ Liquids &1 include Organics
Formula Mn Start With - /] Gas Ions ! Aqueous Tons Range Of Carbon Atoms
Stoichiometry ¥/ Condensed ! Aqueous Neutrals
Keywords Structural Formula, Che... ~ W/ Electrons W Fhids
Matching Species - 201 Basic Data
Mn Formula Mn CAS 7439-96-5 H® formation at 298.15K 0.000 Kk3/mol
Mn(l) Structural Formula Molecular Weight |54.938 gjmol S°at298.15K 32,219 3fmolK)
Mn
v (g) Chemical Name Manganese Melting Point | 151,000 K a2t 5Kl 2.2 3/l
n(B) Common Name  alfa- Boiling Point | 2335.000 K
Mn(G)
Mn(+g) TemperatureRanges  C,(T) = A+ BT« 1073 + (T« 105+ DT?«10"¢
Mn(+2a) 0 ~|l00
Mn(+3a)
Mn2(+2a) Range 1 2 3 4 5 6 7 8 9 o
Mn2(+3q) Tmin (K) 100.00! 298.15 980.00 1361.00 1412.00 1519.00
MnAICI5(g) Tmax (K) 298.15 980.00 1361.00 1412.00 1519.00 6000.00
MnAI2CI8(g) Phase s s s s s |
MnAI3Cl11(q) Hkl / mol 0.000 0.000 2.226 2122 1.879 12.909 _
Mn2Al4Si5018 51/ (mol *K) 32.220 0.000 2272 1.559 1331 8.498 i
Mn3AI2Si3012 Cp coefficient A J/(mol*K) 14.081 23.881 43171 -1846.504  -392.526 46.024
MnAI2SiO5(0H)2 Cp coefficient B 68.346 14.066 -6.505 1836.104 402.658 0.000
MnAI2Si206(0H)4 Cp coefficient C -0.534 -1.582 -22.940  5873.269  1470.891 0.000
Mn4Al18Si7.5048F  |Cp coefficient D -85.175 0.047 3.308  -500.137  -102.605 0.000
Mn5AI2Si3010(0OH Density kg/| 7.430 0.000 0.000 0.000 0.000 0.000
MnAs Color 18 18 18 18 18 0
Mn3(As04)2 Solubility in H20 g/I 0.000 0.000 0.000 0.000 0.000 0.000
MnAsO4(-a) Reference Barin 77, Lan Nasa 93 Nasa 93 Nasa 93 Nasa 93 Nasa 93, Landolt 99, Barin 77
MnB Reliability Class 1 1 1 1 1 0 o
MnB2 J .
Mn2B Selected Species - 5
m” SB“ Mn  Mn203
MnBr(Zg) MnO  Mn304
il Mn02
Qutotec Databasesin use... v

Fig. 37. HSC Database Browser.

To import a species from the database to the modules, first you need to add the correct
species to the Selected Species box (see section 28.6. Diagrams). Once you have selected
all the species, click Import Items to import the species to the module (Fig. 38).

bl
Find by
Elements

& 2
Import Diagrams
Items V.

Fig. 38. Import selected species to the module.
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28.12. Database Appendix A: Color codes

The color of the substances is given for some species with the following color codes in HSC
8.0 Main database:

0. No data available 18. Gray 36. Green-blue
1. Blue 19. Black 37. Orange-red
2. Green 20. Orange 38. Brown-yellow
3. Cyan 21. Yellow-gray 39. Dark Red

4. Red 22. Yellow-brown 40. Brown-violet
5. Magenta (blue-red) 23. Red-brown 41. Red-violet

6. Brown 24. Orange-yellow 42. Violet-black
7. White 25. Yellow-green 43. Yellow-black
8. Dark Gray 26. Black-brown 44. Blue-white

9. Light Blue 27. White brown 45. Red-black
10. Light Green 28. Orange-green 46. Green-black
11. Light Cyan 29. Blue-green 47. Purple-black
12. Light Red 30. Dark Green 48. Gray-brown
13. Light Magenta 31. Blue-black 49. Brown-red
14. Light Yellow 32. Red-orange 50. Gold-brown
15. Bright White 33. Yellow-orange 51. Gold-yellow
16. Colorless 34. Green-yellow 52. Blue-gray

17. Yellow 35. Brown-black 53. Orange-brown
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